Some prion protein mutations create anchorless molecules that cause Gerstmann-Sträussler-Scheinker (GSS) disease. To model GSS, we generated transgenic mice expressing cellular prion protein (PrP C ) lacking the glycosylphosphatidyl inositol (GPI) anchor, denoted PrP(ΔGPI). Mice overexpressing PrP(ΔGPI) developed a late-onset, spontaneous neurologic dysfunction characterized by widespread amyloid deposition in the brain and the presence of a short protease-resistant PrP fragment similar to those found in GSS patients. In Tg(PrP,ΔGPI) mice, disease onset could be accelerated either by inoculation with brain homogenate prepared from spontaneously ill animals or by coexpression of membrane-anchored, full-length PrP C . In contrast, coexpression of N-terminally truncated PrP(Δ23-88) did not affect disease progression. Remarkably, disease from ill Tg(PrP,ΔGPI) mice transmitted to mice expressing wild-type PrP C , indicating the spontaneous generation of prions.
protein misfolding | amyloidosis | neurodegenerative disease | proteinopathies P rotein aggregation and amyloid formation are central pathologic events in a wide range of neurodegenerative illnesses, including Alzheimer's, Parkinson's, and prion diseases (1) . Perhaps the best understood of these disorders are the prion diseases, in which the host-encoded, cellular prion protein (PrP C ) undergoes structural isomerization to an infectious form, termed PrP Sc (2) . The process is autocatalytic, with PrP Sc serving as a template for refolding of PrP C . Though the requirement of PrP C in disease pathogenesis is known, the function of PrP C in nondiseased tissue remains enigmatic because Prnp 0/0 mice exhibit only subtle or disputed phenotypic deficits, arguing that PrP C is largely dispensable for proper neuronal function (3) . PrP C is a glycoprotein that is expressed predominantly in the central nervous system (CNS) and is attached to the external surface of the plasma membrane by a glycosylphosphatidyl inositol (GPI) anchor (4) . Secreted forms of PrP C lacking a GPI anchor are generated in the brain by sheddase cleavage of membrane-anchored PrP C (5); the physiological role of such unanchored PrP isoforms, termed PrP (ΔGPI), remains unclear. In earlier studies, transgenic (Tg) mice expressing low levels of PrP(ΔGPI) did not develop signs of spontaneous neurologic illness, but harbored large amyloidogenic PrP(ΔGPI) aggregates in the brain after exposure to prions (6, 7) . These mice were used to demonstrate that the anchor was not required for conversion of PrP into a protease-resistant isoform, a result first demonstrated in cell culture (8) . Mutations in human PrP leading to C-terminally truncated polypeptides lacking the GPI signal sequence, which cause the inherited prion disorder Gerstmann-Sträussler-Scheinker (GSS) disease, are known to result in the production of secreted, highly amyloidogenic forms of PrP (9) . Other mutations that do not lead to truncated PrP but cause GSS, such as the F198S mutation, result in the production of anchorless PrP upon expression in cell culture (10) . Importantly, GSS patients with mutations in PrP that result in the production of nearly full-length anchorless PrPs (11) suggest that anchorless PrP might be a cause of GSS-like neuropathology and clinical disease.
To investigate the role of the GPI anchor in the biology of PrP C and its relation to GSS, we established several lines of Tg mice expressing various levels of PrP(ΔGPI). In agreement with earlier investigations (6), mice expressing low levels of PrP(ΔGPI) remained healthy and exhibited little or no neuropathologic changes. In contrast, neuronal expression of PrP(ΔGPI) at 1.7× levels compared with PrP C expression in wt mice resulted in lateonset, spontaneous neurologic illness accompanied by a profound CNS amyloidosis resembling GSS. This PrP amyloidosis was transmissible to mice of the same line and, in 75% of our transmission attempts, to mice expressing GPI-anchored PrP C . Tg (PrP,ΔGPI) mice were crossed with mice expressing wt PrP to generate Tg mice expressing PrP(ΔGPI) and wt PrP C ; these mice showed hastened onset of neurologic illness in a PrP C dose-dependent manner. Neurologic illness was not hastened if Tg mice coexpressed PrP(ΔGPI) and N-terminally truncated PrP(Δ23-88), arguing that the N terminus has an important role in disease pathogenesis. These studies demonstrate that PrP(ΔGPI) spontaneously forms prions, and that membrane-bound wt PrP C modulates the kinetics of PrP(ΔGPI) amyloid formation.
Results

Production of Tg Mice Expressing PrP(ΔGPI)
. Tg mice were generated as previously reported (SI Materials and Methods). Lines were developed from three founders with the highest copy numbers. PrP(ΔGPI) was expressed at levels between 0.3× and 1.7× compared with that of PrP C in wt FVB mice (Table 1) . These expression levels were considerably higher than those in lines expressing an analogous construct reported previously by others (7) . In agreement with previous results, we found that PrP(ΔGPI) in the brain was mostly unglycosylated with a minor fraction of monoglycosylated PrP(ΔGPI) as revealed by PNGaseF digestion (Fig. 1A) .
Mice from the three Tg lines were monitored for spontaneous neurologic disease. All of the Tg(PrP,ΔGPI)8423/Prnp 0/0 and Tg (PrP,ΔGPI)8446/Prnp 0/0 mice expressing PrP(ΔGPI) at ∼0.3× remained well for more than 600 d. In contrast, the Tg(PrP,Δ GPI)8015/Prnp 0/0 line, hereafter referred to as Tg8015/Prnp 0/0 , expressing PrP(ΔGPI) at ∼1.7×, developed spontaneous disease beginning at ∼500 d of age (Table 1 and Fig. 1B) . Older Tg8015/ Prnp 0/0 mice generally presented with ataxia, circling behavior, and proprioceptive deficits.
Spontaneously Ill Mice Accumulate Insoluble PK-Resistant PrP(ΔGPI).
Brain homogenates from spontaneously ill Tg8015/Prnp 0/0 mice contained high levels of insoluble PrP collected in the pellet after ultracentrifugation at 100,000 × g for 1 h (Fig. 1C, lane 1) . Following limited digestion with proteinase K (PK), all of the insoluble PrP was hydrolyzed except for a ∼10-kDa fragment (Fig. 1C, lane 2 and Fig. S1A ).
We were unable to resolve the band with an anti-myc antibody (Fig. S1B) , suggesting that the C terminus was truncated. We then used a panel of antibodies with epitopes directed against different regions of the PrP sequence. Of these antibodies, only HuM-P and 12B2 recognized the ∼10-kDa fragment in all Tg8015/ Prnp 0/0 mice (Fig. S1 C-G), suggesting that the ∼10-kDa fragment spans PrP residues ∼40 to ∼130. This part of the sequence precedes the glycosylation sites at residues 180 and 196, and the fragment is therefore unglycosylated.
In all reviewed samples of ill Tg8015/Prnp 0/0 mice, we could detect the ∼10-kDa, PK-resistant fragment. In contrast, the two Tg lines expressing PrP(ΔGPI) at 0.3× showed neither signs of CNS dysfunction nor insoluble PrP (Fig. 1C, lanes 3 and 5) ; we were also unable to detect any PK-resistant PrP fragments (lanes 4 and 6).
To determine the relationship between the PK-resistant, ∼10-kDa band and the neuropathologic observations (amyloid staining and PrP deposition in the brain), we analyzed the brains of asymptomatic Tg8015/Prnp 0/0 mice collected between ∼200 and 700 d (Table S1 ). The ∼10-kDa, PK-resistant PrP fragment was detected in 9 of 10 mice that were 300 d of age or older; the intensity of this protein fragment on immunoblots increased with age. Neuropathologic analysis of these mouse brains also revealed Thioflavin S (ThioS) staining and PrP deposits in mice older than 300 d. Similar to the ∼10-kDa PrP fragment on Western blots, older mice showed greater immunohistological staining compared with younger animals.
Characterization of PrP(ΔGPI) Amyloid. Immunohistochemical analysis of the brains from spontaneously ill Tg8015/Prnp 0/0 mice revealed the presence of abundant PrP deposits in all brain regions examined (Fig. 1 D-F) . Many of these PrP deposits consisted of amyloid, as demonstrated by ThioS staining (Fig. 1  G-I) . Vacuolation was always present in ill Tg8015/Prnp 0/0 mice ( Fig. 1 J-L) , but it was similar to that found in age-matched FVB control mice, and thus could not be attributed to either the PrP (ΔGPI) expression or the amyloidosis. In asymptomatic aged Tg (PrP,ΔGPI)8423/Prnp 0/0 mice, we observed sparse ThioS staining in the subcallosal region (Fig. S2) , arguing that the amyloidosis observed in ill Tg8015/Prnp 0/0 mice cannot be solely attributed to supraphysiologic levels of protein expression, and demonstrating the intrinsic property of PrP(ΔGPI) to aggregate into amyloid.
We enriched PrP(ΔGPI) amyloid by phosphotungstic acid (PTA) precipitation following limited digestion with PK. Biochemical analysis of the enriched samples (n = 7) showed substantial levels of the PK-resistant, insoluble, ∼10-kDa PrP fragment (Fig. S1A, lane 5) . The samples were examined by transmission electron microscopy (TEM). Micrographs of the purified PrP aggregates revealed a fibrillar morphology with no discernable helical periodicity (Fig. 1M) . The fibers were reminiscent of the rods found in purified preparations of prions but had a significantly smaller diameter (36 ± 7 Å; Fig. 1N ) compared with fibrils obtained from FVB mice infected with the Rocky Mountain Laboratory (RML) prion strain (48 ± 8 Å, P < 0.001) (12) . The extent to which the smaller diameter of these fibrils reflects the absence of the GPI anchor and glycosylation as well as the truncation of the polypeptide chain remains to be established. Table 2 ). All 16 mice exhibited the ∼10-kDa, PK-resistant fragment ( Fig. 2A) , and all six mice examined neuropathologically showed extensive amyloid deposition and vacuolation ( Fig. 2 E, I , and M), similar to the considerably older mice from which the two inocula were prepared ( (Table 2 ). However, these inocula resulted in slightly different biochemical phenotypes. Brains from these mice contained the ∼10-kDa, PK-resistant fragment, in addition to a ∼17-to 19-kDa fragment, with extensive PrP deposition that was also identified as amyloid; representative brains from Tg8015/Prnp 0/0 mice ill at 275 d after injection with the 659-d-old inoculum are shown in Fig. 2 B, F, J, and N.
Spontaneous Generation of Anchorless Prions in
Next, we asked whether these anchorless prions could also transmit to mice expressing wt membrane-anchored PrP C . Brain homogenates from eight Tg8015/Prnp 0/0 mice were inoculated into Tg4053 mice. Transmissions were observed with six of eight inocula (Table 2) ; however, transmission efficiency and incubation time varied widely. Two inocula produced rapid transmissions with mice developing disease in ∼80 d. A third inoculum transmitted disease to all seven inoculated mice with a mean incubation period of 450 d. Three other brain homogenates led to incomplete transmissions with mice exhibiting neurologic dysfunction at ∼100 d.
Western blotting for PrP in the brains of 16 Tg4053 mice ill at ∼100 d postinoculation from five different inocula showed a three-band pattern of un-, mono-, and diglycosylated PKresistant PrP (Fig. 2C ). Six ill mice exhibited PrP deposition and vacuolation in their brains but did not show any PrP amyloid plaques (Fig. 2 G, K, and O). In contrast, Tg4053 mice that developed illness 450 d after inoculation with a 585-d-old Tg8015 /Prnp 0/0 mouse brain showed the ∼10-kDa, PK-resistant PrP fragment ( Fig. 2D ) and abundant amyloid deposition ( Fig. 2 H and L). The subcallosal region was filled with amyloid, which thinned the corpus callosum and led to severe nerve cell loss in the hippocampal CA1 region (Fig. 2P) . 
*Expression levels compared with PrP C in the brains of wt FVB mice. † Mean ± SEM, for ill mice; this may be an underestimate when not all mice become ill. ‡ n, number of ill mice; n 0 , number of monitored mice. § These mice develop spontaneous neurological dysfunction that is nontransmissible and different from typical prion disease and the disease described in the present work. Data from ref. 27. We serially passaged brain homogenates from four ill Tg4053 mice into Tg4053 mice (Table S2 ). All four inocula produced disease in Tg4053 mice within 60 d. Three mice from each inoculum were examined biochemically and showed similar banding patterns as well as similar conformational stability (GdnHCl 1/2 values of 1.4-1.8 M). In one mouse, PK-resistant PrP had a different GdnHCl 1/2 stability of 3.4 M ( Table S2) . (Table 1 ). Western blotting confirmed that expression of PrP C was not affected by coexpression of anchorless PrP compared with their founder lines (Fig. 3A) . Similarly, expression levels of PrP(ΔGPI), determined using an anti-myc tag antibody, were unaffected by coexpression of wt GPI-anchored PrP (Fig. 3A) .
Coexpression of wt PrP
C and PrP(ΔGPI) hastened the onset of spontaneous disease in mice. We observed an inverse relationship between the level of wt PrP C expression and the age at which CNS dysfunction manifested (Table 1 and Fig. 3 B and C) . (Table 1 and Fig. 3B ). All spontaneously ill mice coexpressing wt PrP C and PrP(ΔGPI) showed an insoluble, PK-resistant, ∼10-kDa PrP fragment ( Fig. 3D and Table S3 ), which by epitope mapping was indistinguishable from the fragment found in Tg8015/Prnp 0/0 mice with spontaneous disease (Fig. S3) . In contrast, coexpression of wt PrP C in Tg mice expressing low levels of PrP(ΔGPI) did not result in spontaneous disease. Tg (PrP,ΔGPI)8423/Prnp 0/+ and Tg(PrP,ΔGPI)8423/4053 mice remained well for more than 600 d (Table 1) .
To inquire if N-terminally truncated PrP(Δ23-88) could also hasten disease in Tg mice expressing high levels of PrP(ΔGPI), we established Tg(PrP,ΔGPI:PrP,Δ23-88)8015/9949 mice. These Tg8015/9949 mice developed CNS dysfunction at 572 d, which was similar to that of Tg8015/Prnp 0/0 mice at 597 d (Table 1) . Even though the level of PrP(Δ23-88) expression in Tg (PrP,Δ23-88)9949/Prnp 0/0 mice is 16-fold higher than that of wt PrP C in FVB mice, this truncated PrP was unable to hasten disease. The result argues that PrP residues 23-88 or some subset thereof are required for acceleration of neurologic dysfunction in Tg(PrP,ΔGPI) mice. Western blotting of brain homogenates from spontaneously ill Tg8015/9949 mice showed a PK-resistant, ∼10-kDa PrP fragment (Fig. 3D, lane 8) in contrast to spontaneously ill Tg9949 mice that exhibited no PK-resistant PrP (Fig. 3D, lanes 9 and 10) .
Neuropathologic Analysis of Mice Coexpressing PrP(ΔGPI) and wt PrP C . In a Tg(PrP,ΔGPI:PrP)8015/4053 mouse coexpressing PrP (ΔGPI) at 1.7× and wt PrP at 4× that developed spontaneous disease at 143 d, PrP deposits were prevalent in the hippocampus, sparse in the thalamus, and absent in the cerebellum (Fig. 4  A-C) . Some of these deposits were identified as amyloid by staining with ThioS (Fig. 4 D-F) , whereas little or no vacuolation was seen in the examined brain areas (Fig. 4 G-I) . As shown by ThioS and anti-myc tag double staining, anchorless PrP was incorporated into the plaques (Fig. 4 J-L) . Similar neuropathologic changes were observed in Tg8015 lines coexpressing lower levels of wt PrP (Fig. S4 A-I) . Despite developing spontaneous illness with shorter onset times, Tg8015 mice coexpressing wt PrP exhibited milder neuropathologic changes compared with spontaneously ill Tg8015/Prnp 0/0 mice expressing only PrP(ΔGPI). However, numerous plaques containing PrP (ΔGPI) amyloid were observed in mice coexpressing wt PrP younger than 200 d, suggesting that wt PrP C modulates the kinetics of PrP(ΔGPI) amyloid formation.
We also performed neuropathologic analysis on the brains of Tg mice coexpressing PrP(ΔGPI) at 1.7× and N-terminally truncated PrP C at 16×. In Tg8015/9949 mice that developed spontaneous neurologic illness at ∼600 d of age, large numbers of PrP-immunopositive and ThioS-positive plaques were found, indistinguishable from the Tg8015/Prnp 0/0 mice that also developed neurologic symptoms at ∼600 d (Fig. S4 J-R) .
Bioassays Failed to Detect Prion Infectivity in Coexpressing Mice. To test for the generation of infectivity in mice coexpressing wt PrP C and PrP(ΔGPI), we prepared brain homogenates from clinically ill Tg8015/Prnp 0/+ and Tg8015/4053 mice, and injected them intracerebrally into Tg4053 mice. None of the inoculated mice developed disease after >600 d (Table S4 ). The brains from 10 aged, asymptomatic animals were analyzed biochemically, and two were found to contain PrP deposits and a ∼10-kDa, PK-resistant PrP fragment (Fig. S5) . Therefore, we conclude that the initial process of PrP C hastening neurotoxicity in Tg8015 mice is independent of its conversion to PrP Sc .
Discussion
In the present study, we developed Tg mouse lines expressing PrP lacking the GPI membrane anchor, one of which developed spontaneous neurologic illness. Neuropathologic and biochemical analysis of these animals showed deposition of PrP (ΔGPI) amyloid, which contained a unique prion strain with a PK-resistant, N-and C-terminally truncated, ∼10-kDa PrP core. This finding highlights the importance of the GPI anchor in preventing PrP from following its intrinsic propensity to form infectious aggregates in vivo.
A previous study of mice expressing a similar construct at low levels showed that the GPI anchor is not required for the structural conversion of PrP C into PrP Sc upon prion inoculation. These animals did not show a spontaneous phenotype (6), comparable to the Tg8423 and Tg8446 lines described here, which is likely to be a consequence of lower levels of PrP(ΔGPI) expression (7). (Table 2) .
We surmise that PrP(ΔGPI) can fold into multiple infectious conformations, some of which transmit a CNS disease characterized by a ∼10-kDa, PK-resistant PrP fragment and other conformations that can more rapidly induce disease in Tg4053 mice.
Prion infectivity from Tg8015/Prnp 0/0 mice transmitted not only to Tg4053 mice but also to Tg8015/Prnp 0/0 mice. The serial passage of spontaneously ill Tg8015/Prnp 0/0 brains resulted in neurologic dysfunction 300-400 d earlier than the spontaneous onset of illness in mice used as the inoculum (Table 2) . Moreover, the brains of the inoculated Tg8015/Prnp 0/0 mice contained insoluble PrP, which produced the same ∼10-kDa fragment found in the brains of older, spontaneously ill Tg8015/Prnp 0/0 mice (Fig. 2) . Numerous PrP amyloid plaques were found in the brains of ill Tg8015/Prnp 0/0 mice whether they developed spontaneous disease or were inoculated with homogenates prepared from the brains of ill Tg8015/Prnp 0/0 mice (Fig. 2) . It is likely that the ∼10-kDa, PKresistant fragment represents the structural core of PrP amyloids, and is clearly different from RML prions, as shown by Western blot and comparison of fiber diameters by TEM (Fig. 1) .
Although amyloidogenic forms of PrP(ΔGPI) were detected in the brains of asymptomatic Tg8015/Prnp 0/0 mice as early as 305 d of age, as revealed by pathologic examination and Western blot N) and Tg4053 mice (G, H, K, L, O, and P); representatives of the biochemical phenotype shown at the top of each column. Micrographs of brain sections were taken from the hippocampus, stained for PrP with the HuM-R2 antibody (E-H), for amyloid by ThioS (I-L), and for vacuolation by H&E (M-P). Mice harboring the 10-kDa, protease-resistant PrP fragment showed extensive PrP deposition (E, F, and H) that stained as amyloid (I, J, and L). Amyloid staining was less abundant in the Tg8015/Prnp 0/0 mice that showed both the 10-kDa fragment and a band at 17-19 kDa (J). In the Tg4053 mice that did not harbor the 10-kDa fragment but showed the three-band PrP pattern upon treatment with PK, PrP deposition was apparent (G) but was not amyloid (K). All ill mice showed vacuolation (M-P). These results suggest that at least two different strains were spontaneously generated. (Scale bars: E-P, 100 μm.) (Table S1) , it is unclear when detectable prion infectivity was first generated. By the time the mice developed clinical illness, large amounts of PrP amyloid and a PK-resistant PrP fragment were detectable in the brain (Fig. 1) . That Tg8015 mice developed spontaneous illness over a broad time range (500-700 d) suggests that the initiation of sustained PK-resistant PrP amyloid deposition in these mice results from a stochastic process. Together, these data show that the spontaneous prion formation in Tg8015/Prnp 0/0 mice is transmissible to mice expressing wt PrP, but sometimes resulted in different incubation periods, neuropathology, and biochemical properties of PrP, suggesting that multiple strains may have been formed.
Coexpression of PrP(ΔGPI) and wt PrP
C Accelerates Spontaneous Disease. Although widespread amyloid deposition was not observed in ill Tg8015 mice coexpressing wt PrP, the age at which CNS dysfunction appeared was inversely proportional to the brain levels of wt PrP C (Fig. 3B and Table 1 ). Because it was suggested that membrane-anchored PrP C is necessary to mediate the neurotoxic effects of PrP Sc (13) , spontaneously misfolded PrP (ΔGPI) may interact directly with PrP C molecules to cause perturbations in neuronal homeostasis in a PrP C concentration-dependent manner. This process did not depend on the conversion of wt PrP C into PrP Sc because neither transmissibility, as measured by four independent bioassays in Tg4053 mice (Table S4) , nor PKresistant PrP Sc by Western blotting (Fig. S5 A and D) , were found.
Although the mechanism by which PrP C accelerates disease in mice expressing PrP(ΔGPI) is currently unknown, it is tempting to speculate that wt PrP C may function as a molecular switch for misfolded and toxic PrP species. In this scenario, a wt PrP C /PrP (ΔGPI) complex may promote cell death in a manner similar to the hippocampal cell death observed following antibody-mediated dimerization of PrP C (14) . It is interesting to note that PrP has also been suggested to be a receptor and mediator of toxicity for Aβ and other β-sheeted peptides (15, 16) . Future studies in these bigenic mouse models might reveal mechanistic insights and consequences of interaction between PrP aggregates and membrane-anchored PrP C . Blocking this particular interaction may reveal a novel strategy for a therapeutic intervention in prion and other amyloid diseases. Sc (17) , and similarly, PrP residues 23-27 were found to be crucial for the binding of Aβ oligomers to PrP C (18) . A second possibility is that PrP(Δ23-88)/ PrP(ΔGPI) complexes may be incapable of transducing neuro- toxic signals. Deletion of residues 23-28 or residues 51-90 from PrP has been shown to reduce or eliminate the endocytosis of PrP C (19) . Thus, PrP(Δ23-88) may be unable to transport anchorless PrP leading to a lack of toxicity.
Pathogenic Relevance of Anchorless PrP to Human PrP Amyloidoses.
The neuropathologic and biochemical signatures of ill Tg8015/ Prnp 0/0 mice present interesting parallels with GSS in humans. GSS is a familial prion disease caused by several different mutations in the PRNP gene (9) . Neuropathologically, GSS is characterized by the deposition of amyloid plaques that show N-and C-terminally truncated, low-molecular-mass (7-11 kDa) PrP fragments upon PK treatment. These fragments are similar in size to those reported here for ill Tg8015/Prnp 0/0 mice. Five different PrP mutations, which generate C-terminally truncated PrP molecules lacking the GPI-anchor attachment site as a result of a premature stop codon, are known to cause GSS (9, 11) . Two recently discovered patients expressing almost full-length wt PrP without the GPI-anchor moiety (stop mutations occurring at either residue 226 or 227) died of GSS and were found to have small, PK-resistant PrP fragments as well as PrP amyloid plaques in their brains (11) . The F198S mutation causing GSS is located within the globular domain of PrP but resulted in the expression of PrP(ΔGPI) in cell culture (10) . Also, the variable transmissibility of spontaneous infectivity in Tg8015/ Prnp 0/0 mice to Tg4053 mice might reflect the variable transmissibility of confirmed GSS cases (20) . Taken together, the findings in GSS of humans and in Tg8015/Prnp 0/0 mice suggest that impaired GPI anchoring may be responsible for several forms of GSS.
Inoculation of Tg8015/Prnp 0/0 mice with brain homogenates from aged, spontaneously ill Tg8015/Prnp 0/0 animals accelerated the formation of PK-resistant PrP and onset of disease from ∼600 d to ∼200 d. A similar phenomenon has also been observed in mice expressing PrP containing the GSS(P102L) mutation (21) . Presumably, the acceleration of disease was caused by PrP (ΔGPI) amyloids in the inoculum that seed the polymerization of PrP(ΔGPI) in the recipient mice. Prion-mediated dysfunction of the CNS has been reported for other neurodegenerative diseases, including models of Alzheimer's disease (22), Parkinson's disease (23) , and the tauopathies (24) . These findings argue that prion-mediated spread of neuronal dysfunction in the CNS represents a general biological phenomenon in amyloidosis that leads to neurodegeneration.
Materials and Methods
Production of Tg Mice Expressing PrP(ΔGPI). The wt mouse PrP sequence was modified by substituting a myc tag (EQKLISEEDL) for the C-terminal GPI anchor signal sequence following PrP residue 231; a stop codon followed the myc tag. This anchorless PrP(ΔGPI) construct was amplified by PCR and then inserted into the SalI site within the cos.Tet vector (25) , which drives neuronal expression of proteins using the hamster Prnp promoter (SI Materials and Methods).
Solubility Analysis and PK Digestion of PrP. Brain homogenates (10% wt/vol) were prepared in Ca 2+ -and Mg 2+ -free PBS. The brain homogenate was further diluted 1:10 into lysis buffer [10 mM Tris·HCl (pH 8.0); 150 mM NaCl; 0.5% (wt/vol) sodium deoxycholate; 0.5% (vol/vol) Nonidet P-40]. Limited protease digestion was initiated by adding 20 μg/mL of PK (Fermentas) at 37°C for 1 h, with constant agitation, stopped by the addition of 1 mM PMSF followed by ultracentrifugation at 100,000 × g for 1 h at 20°C using a TLA-55 rotor in an Optima TLX ultracentrifuge (Beckman-Coulter). The supernatant was discarded and the pellet was resuspended in SDS loading buffer and heated to 95°C for 5 min before SDS/PAGE and Western blotting.
PrP Amyloid Purification. PrP amyloid was purified from the brains of spontaneously ill animals using a modified version of a purification protocol for PrP Sc (12) . We introduced a Benzonase digestion step (150 U/mL of Benzonase for 1 h at 37°C) instead of a clearance spin before PK digestion.
TEM and Negative Staining. Conventional ammonium molybdate-negative staining was carried out with PTA-purified samples as described previously (12) . For fibril diameter distribution, a set of ∼200 individual fibrils at a magnification of 75,750× was measured using ImageJ software (26) .
Histological Analysis. For each genotype, four coronal brain regions (caudate nucleus, hippocampus/thalamus, hippocampus/midbrain, and cerebellum/ pons) from at least three mice were analyzed to provide a comprehensive neuropathologic examination. For the semiquantitative analysis in Table S1,  we analyzed 
